Comprehensive survey of carapacial ridge-specific genes in turtle implies co-option of some regulatory genes in carapace evolution.
The turtle shell is an evolutionary novelty in which the developmental pattern of the ribs is radically modified. In contrast to those of other amniotes, turtle ribs grow laterally into the dorsal dermis to form a carapace. The lateral margin of carapacial primordium is called the carapacial ridge (CR), and is thought to play an essential role in carapace patterning. To reveal the developmental mechanisms underlying this structure, we systematically screened for genes expressed specifically in the CR of the Chinese soft-shelled turtle, Pelodiscus sinensis, using microbead-based differential cDNA analysis and real-time reverse transcription-polymerase chain reaction. We identified orthologs of Sp5, cellular retinoic acid-binding protein-I (CRABP-I), adenomatous polyposis coli down-regulated 1 (APCDD1), and lymphoid enhancer-binding factor-1 (LEF-1). Although these genes are conserved throughout the major vertebrate lineages, comparison of their expression patterns with those in chicken and mouse indicated that these genes have acquired de novo expression in the CR in the turtle lineage. In association with the expression of LEF-1, the nuclear localization of beta-catenin protein was detected in the CR ectoderm, suggesting that the canonical Wnt signaling triggers carapace development. These findings indicate that the acquisition of the turtle shell did not involve the creation of novel genes, but was based on the co-option of pre-existing genes.